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Abstract

fingerprint pattern.

Background: In this modern era, advancement in technology is seen in every aspect of our life making it
comparatively much easier. Likewise, in the field of fingerprinting, the digital scanners have replaced conventional
methods of taking fingerprints, as it is accurate and less time-consuming. In daily life, people often apply oails,
lotions, hand sanitizers, and occasionally mehendi on their hands. These cosmetic and daily use products affect the
digital recording of fingerprints, thus making it difficult for forensic experts to identify the real offender in many
cases. The purpose of the study was to check the effect of oils, lotions, hand sanitizers, and mehendi on the

Results: The present study was undertaken by taking 2700 fingerprints from 30 individuals. These fingerprints were
recorded with the help of the SecuGen Hamster IV fingerprint scanner under controlled environmental conditions.
The examination and comparison of fingerprint patterns were done on the basis of visibility (clarity and intensity).
The presence of cosmetic and daily use products affected the visibility of digitally captured fingerprints. Different
products caused different effects based on their properties. Synthetic mehendi, alcohol-based hand sanitizer, greasy
lotion, and viscous oil caused significant differences in the fingerprint images by degrading the fingerprint quality.
The non-greasy lotion and non-alcohol-based hand sanitizer showed less effect, whereas non-viscous oil and
natural mehendi caused a minimal effect on the quality of fingerprint images.

Conclusion: The application of cosmetic and daily use products added an additional layer on the fingers which is
not present naturally. The additional layer caused alterations in the fingerprint pattern of an individual. So, digital
fingerprints should be collected after proper washing of hands.
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Background

Every human being has unique features on the palmer
surfaces in the form of fingerprints, which remain un-
altered throughout life and acts as an individual’s visiting
card. A fingerprint is an impression of the friction ridges
present on the distal, middle, and proximal phalange re-
gions of the fingers (Grieve 2001; Maceo 2009). These
fingerprints are formed during the second trimester of
fetal life. Fingerprint impressions are encountered at the
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scene of crime, and these are formed due to the body’s
natural oils and sweat secretions. Fingerprints are used
in individual’s background check, biometric security, and
different types of criminal cases. Even identical twins
have different fingerprints, so these are considered to be
one of the most reliable physical evidence in linking the
suspect and victim (Champod et al. 2016; Wayase and
Chaulang 2018; Win et al. 2020).

Earlier fingerprints were recorded by using black ink,
but nowadays, different fingerprint scanners are used to
record fingerprints without using any type of ink. In this,
fingerprints are taken digitally, and identification of an
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individual is done easily by their unique fingerprint features
like frictional ridge characteristics, minutiae, and sweat
pores. This is an inkless, non-messy, simple, cost-effective,
and faster processing technique. High-resolution images
are captured by the fingerprint scanners, and detailed
examination is performed by magnifying the fingerprint
image which is not possible in traditional methods. The
digital method provides quicker and accurate results, and
we can compare a large number of fingerprint data simul-
taneously (Traditional vs. digital ink fingerprinting 2015;
Biometric fingerprint scanner 2008; Fingerprint scanners:
what they are and why they are gaining in popularity 2019).
The fingerprint data is electronically transmitted to these
Automated Fingerprint Identification System (AFIS)
for authentication, verification, and generating a data-
base of the perpetrators (Automated Fingerprint Iden-
tification System 2014). Similarly, in India, the Unique
Identification Authority of India (UIDAI) Adhaar card
contains the biometric database including fingerprints
of every citizen which can be used to identify the in-
dividual (Unique Identification Authority of India,
Government of India 2016; Vatsa et al. 2010).

With the modernization of the procedure to record
fingerprints, the offenders try to manipulate by applying
some cosmetic and daily use products (oils, lotions, hand
sanitizers, and mehendi) on their hands. These products
are used by most people in their day-to-day life. Oil is
used for moisturizing the epidermal layer of the skin.
Lotion is used to keep the skin soft, hydrated, and mois-
turized (Merkel et al. 2011; Arndt 1998). Hand sanitizer
is used to kill the infectious agents (fungi, bacteria, and
virus) present on the hands (Chadwick et al. 2017; Olsen
et al. 2015). In India, mehendi is especially used by
women to color the epidermal layer of the palmer and
planter surfaces during some rituals and ceremonies.
Mehendi is a dye made from the leaves of the plant Law-
sonia inermis. The dye present in the leaves gets stained
on the skin surface resulting in dark red cherry color-
ation of the skin (What is mehendi? 2002; Butalia et al.
2017). The presence of these products can affect the visi-
bility (clarity and intensity) of the image as the device re-
cords images of the raised portion of the frictional ridges

Fig. 1 An illustrative diagram of the surface discontinuities on the
fingerprint ridge of a dry finger when nothing is applied over it
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Fig. 2 An illustrative diagram of the surface after applying a liquid

composition on the fingerprint surface

of the palmer surface which makes direct contact with
the glass surface of the scanner. These raised portions of
frictional ridges are used to identify the real offender. If
there is any kind of obstruction between the frictional
ridge skin and the glass surface of the fingerprint record-
ing device, a poor quality fingerprint image will be re-
corded (Turvey 2017; Keagy et al. 1998). Due to this
obstruction, it becomes difficult to identify frictional
ridge characteristics resulting in change in the identity
of a person. The changes that occur on applying these
cosmetic products on the finger ridges are shown in
Figs. 1 and 2.

The study focuses on the cause, effect, and detection
of fingerprint patterns of an individual by applying oils,
lotions, hand sanitizers, and mehendi.

Methods

General procedure

The study was conducted at the Department of Forensic
Science, Punjabi University, Patiala, India. Fingerprint
samples of 30 subjects were taken by applying 8 different
cosmetic and daily use products (oils, lotions, hand sani-
tizers, and mehendi) including viscous (Mustard oil),
non-viscous (Parachute advanced jasmine non-sticky
oil), greasy (Nivea body lotion express hydration 48h),
non-greasy (VLCC almond honey deep nourishing and
skin brightening body lotion), alcohol-based (Lifebuoy
immunity-boosting hand sanitizer), non-alcohol-based
(Kudos hand sanitizer), synthetic (Kaveri cone mehendi),
and natural (Neha mehendi). A total of 2700 fingerprints
were collected under controlled environmental condi-
tions. Subjects were asked to wash and dry their hands
to remove any kind of foreign particles before the appli-
cation of each product.

Fingerprint recording

The sgdx software of SecuGen hamster IV fingerprint
scanner (File version-4.4.3.0 and Product version-1.1.0.0)
was used for sample collection of fingerprints. Subjects
were requested to press their fingers against the finger-
print scanner for collecting the desired fingerprint sam-
ples. Firstly fingerprints were collected without application
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Table 1 Standard categories used for differentiation of fingerprints after applying products (Sears et al. 2012; AlImog et al. 2014)

S.no. Category of print Features of fingerprints Visibility score
value
1. Very strong development (without application of Identifiable fingerprint pattern, clear ridge details, minutiae, 81-100
product) control sample and sweat pores were clearly visible, no merging of the ridges,
prominent appearance of the ridges, and fingerprint classification
2. Strong development (with application of product) Identifiable fingerprint pattern, clear ridge details, partially visible 61-80
minutiae and sweat pores, slightly broad margins of the ridges
and few or no clump-like formation, and less prominent merging
of ridges at some points
3 Medium development (with application of product)  Fingerprint pattern can or cannot be identified, broad margins 41-60
and merging of the ridges, non-identifiable ridge details, less
chances of appearance of sweat pores and minutiae, and less
prominent appearance of the ridges
4. Limited development (with application of product) Partially visible fingerprint pattern, ridge details not clear, visible 21-40
sweat pores, and no merging of the ridges
5. Weak development (with application of product) Fingerprint pattern can or cannot be identified, no visible ridge 0-20

characteristics, and visibility of sweat pores with less appearance
of the ridges

of any cosmetic and daily use products which were taken
as controls followed by the application of these products
on the palmer surface. Two drops of each product were
poured on the palmer surface, and subjects were asked to
rub their hands gently so that the product could be ap-
plied properly. The product was left for 10 min for ab-
sorption by the skin surface before taking fingerprints.
This step was repeated for each product except mehendi.

Synthetic and natural mehendi were applied in the form
or design of plus sign on the bulb of the first distal phalan-
geal region of the fingers to check the effect of mehendi
on the specified applied area. Firstly, synthetic mehendi
was applied. After application, mehendi was left on hands
for 10 min, so that dye present in the mehendi can get
absorbed by the skin surface. Afterwards, mehendi was re-
moved by washing the hands with tap water and drying
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a. Mustard oil
(Viscous)

e. Lifebuoy hand
sanitizer

g. Kaveri mehendi
(Synthetic)
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b. Parachute
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d.VLCC lotion
(Non-greasy)
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f. Kudos hand
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(Non-alcohol based)

g Kaveri mehendi (synthetic). h Neha mehendi (natural)

Fig. 3 Fingerprint images recorded after application of cosmetic and daily use products. a Mustard oil (viscous). b Parachute jasmine oil (non-
viscous). ¢ Nivea lotion (greasy). d VLCC lotion (non-greasy). e Lifebuoy hand sanitizer (alcohol-based). f Kudos hand sanitizer (non-alcohol-based).
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g effects of products on fingerprints

S. no. Cosmetic and daily use products Effects of cosmetic and daily use products on fingerprints

1. Mustard oil (viscous)

|dentifiable fingerprint pattern, no clear ridge details and visibility of sweat pores, merging of the ridges,
very dark appearance of the fingerprint, broadened up margins of the ridges, and medium development

of fingerprints
2. Parachute jasmine oil Identifiable fingerprint pattern, clear ridge details, no merging of the ridges and visibility of sweat pores, dark
(non-viscous) appearance and strong development of fingerprints, and no clump-like structure formation on the ridges
3. Nivea lotion (greasy) |dentifiable fingerprint pattern, partially clear ridge details, no visibility of sweat pores, very dark appearance
of the fingerprint, clump-like structure formation on the ridges, and medium development of fingerprints
4. VLCC lotion (non-greasy) |dentifiable fingerprint pattern, clear ridge details, no merging of the ridges and visibility of sweat pores,
light appearance of the fingerprint, few clump-like structure formation on the ridges, and strong
development of fingerprints
5. Lifebuoy hand sanitizer Fingerprint pattern can or cannot be identified, ridge details not clear, visibility of sweat pores, no merging
(alcohol-based) of the ridges and clump-like structure formation on the ridges, very light appearance of the fingerprint,
partially visible fingerprint, and weak development of fingerprints
6. Kudos hand sanitizer Identifiable fingerprint pattern, clear ridge details, no merging of the ridges, visibility of sweat pores, light
(non-alcohol based) appearance of the fingerprint, no clump-like structure formation on the ridges, and medium development
of fingerprints
7. Kaveri cone mehendi Fingerprint pattern can or cannot be identified, partially visible fingerprint, ridge details not clear, no
(synthetic) merging of the ridges and clump-like structure formation on the ridges, visibility of sweat pores, very light
appearance of the fingerprints, and limited development of fingerprints
8. Neha mehendi (natural) Identifiable fingerprint pattern, clear ridge details, no merging of the ridges and visibility of sweat pores,
no clump-like structure formation on the ridges, dark appearance of the fingerprints, and strong
development of fingerprints
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Fig. 5 Visibility percentage of the fingerprint patterns
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hands with a paper towel, and then fingerprints were re-
corded. After few days when the applied synthetic
mehendi got faded, natural mehendi was applied on the
bulb of the first distal phalangeal region in the same man-
ner, and fingerprints were taken. The output of scanned
fingerprints was saved in a higher resolution of .bmb
format.

Fingerprint analysis

In order to study the effect of the products on the sur-
face of frictional ridges of fingers, all the fingerprint pat-
terns were examined and compared with the controls on
the basis of visibility of fingerprint pattern (clarity and
intensity) given in Table 1. The category of control was
considered to be very strong as it contained all the fea-
tures like classification of fingerprint pattern with clear
ridge details, minutiae, and sweat pores, without merging
of the ridges. The control fingerprints were compared
with the fingerprints recorded after the application of the
product. The products were considered as class (oils, lo-
tions, hand sanitizers, and mehendi) and further divided
into two subclasses on the basis of their properties. The
features which were common in most of the individuals
were taken into consideration, and a range of score value
was assigned to each category on the basis variation with
the control sample. The factors causing natural variation
(like absorption of the product by the skin, sweat secre-
tion) were excluded in order to minimize the chances of
errors. Five categories (very strong, strong, medium, lim-
ited, and weak development) of fingerprints were taken to
check the differences between the fingerprints after the
application of the products. The description was given to
each category of print shown in Table 1. The differences
between fingerprints recorded with and without the appli-
cation of the products were noted. Qualitative analysis
was done on the basis of visibility and quality of the fin-
gerprints. Intra and inter-comparisons between the classes
and their subclasses were done. Written consent was

obtained from all the subjects, and ethical clearance was
taken from the institute.

Results

The effects of the use of oils, lotions, hand sanitizer, and
mehendi were seen on the frictional ridge of the distal
phalangeal region. All the subclasses of every class were
analyzed, and the observations were made. The differ-
ence in clarity and intensity of fingerprints like broaden-
ing with merging of ridges, clump-like structure
formation, visibility of only few or no frictional ridges,
and faint pattern in some or the whole areas of finger-
print was seen in fingerprints with and without applica-
tion of products (controls) were shown in Fig. 3. The
prominent broadening with merging of ridges in finger-
print pattern was found in viscous oil (Fig. 3a) and less
prominent in non-viscous oil (Fig. 3b). The prominent
clump-like structure in the fingerprint pattern was seen
in greasy substance (Fig. 3c) and less prominent in non-
greasy lotions (Fig. 3d). A few or no frictional ridges in
the fingerprint pattern were found in alcohol-based hand
sanitizer (Fig. 3e) which was not commonly encountered
in case of non-alcohol-based hand sanitizer (Fig. 3f).
Synthetic mehendi leads to poor visibility of the finger-
print on the applied area (Fig. 3g) whereas no such
prominent effect was seen in the fingerprints recorded
with natural mehendi (Fig. 3h).

The features showing the differences in fingerprints
observed in all the subclasses after the application of
products were elaborated in Table 2. Intra and inter-
comparisons between fingerprints are shown in Table 2.

On the basis of the results, a bar diagram showing the
visibility percentage of the fingerprints including qualita-
tive analysis based on clarity and intensity of fingerprints
was shown in Fig. 4. This showed the intra and inter-
comparison between controls and all classes and sub-
classes of the products. The score value of the product
showing the maximum effect on the fingerprints was
taken into consideration. Fingerprints showing low score
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value were not considered as the effect of products was
minimal due to natural variation. The maximum score
value was given to the control samples as all the features
were seen clearly which were easily classifiable.

The visibility percentage of various products on the
fingerprint pattern has been shown in descending order
in Fig. 5.

Discussion

In our study, some products have more effect, some
have less effect on the visibility, some products were
quickly absorbed on the skin surface while others took
longer time and some added an additional layer over the
surface of frictional ridge skin. Viscous oil, greasy lotion,
alcohol-based hand sanitizer, and synthetic mehendi
produced a high effect on the fingerprint quality by
overpowering the natural ridge characteristics. Non-
greasy lotion and non-alcohol-based hand sanitizer
showed a medium effect whereas non-viscous oil and
natural mehendi caused a low effect on the fingerprint
pattern.

The present study revealed that the viscous oil reduced
the fingerprint quality which leads to medium develop-
ment of fingerprints whereas the non-viscous oil had a
strong development of fingerprints. This is due to the
variation in density of viscous and non-viscous oils, as
the absorption rate of viscous oil on the skin is very low.
Turvey mentioned that the mixture comprising of vis-
cous and non-viscous oil (60% beeswax, 30% squalane,
9% jojoba oil, and 1% tea tree oil) improves the finger-
print quality (Turvey 2017). Arndt mentioned that non-
viscous oil improves the fingerprint quality (Arndt
1998).

In the present study, the medium development and re-
duced fingerprint quality were observed in greasy lotion
as it was not completely absorbed by the skin and got
filled up in the furrows. Non-greasy lotion showed less
effect on the fingerprint quality as compared to greasy
lotion and leads to the medium development of finger-
print. Our study is in agreement with Arndt who re-
ported that greasy substances lead to reduced fingerprint
quality (Arndt 1998).

Our study showed that the presence of both alcohol
and non-alcohol-based hand sanitizer on the palmer sur-
face reduced the fingerprint quality when fingerprints
were recorded digitally. Alcohol-based hand sanitizer
produces weak development of fingerprints showing a
few or no frictional ridge. Non-alcohol-based hand
sanitizer produced medium development of fingerprint
pattern. Both alcohol and non-alcohol-based hand saniti-
zers swiped off the sebum, lipids, dirt, and grease traces
present on the surface of the frictional ridge skin, and
due to this, the scanner could not record the fingerprints
properly. The results of the present study contradict

Page 6 of 7

with Chadwick et al. who took fingerprints by using
traditional methods and reported that non-alcohol-based
hand sanitizer improves the fingerprint quality and
alcohol-based hand sanitizer has no effect on fingerprint
quality. Chadwick et al. reported that non-alcoholic hand
sanitizers lead to an observable increase in the finger-
print quality when developed by using amino acid re-
agents. These changes occurred due to the difference in
fingerprint recording methods (Chadwick et al. 2017).

In this study, the fingerprints recorded by applying
synthetic mehendi produced limited development of
fingerprints with poor quality of image having less
number of desired fingerprint features as it added an
additional layer on the ridges. The distance between
ridges is either expanded or contracted in few regions
which finally changes the distance between the ridges.
Synthetic mehendi has a chemical known as para-
phenylenediamine, and if the mehendi is kept on the
fingers for a longer time, then the print will be
fainter and hardly detected by the scanner. Natural
mehendi does not contain any chemical, so no such
prominent effect was observed on the fingerprint pat-
tern. Our study is in concordance with the study of
Butalia et al. who reported the same effect of
mehendi on fingerprints recorded digitally (Butalia
et al. 2017).

Conclusion

The presence of oil, lotion, hand sanitizer, and mehendi
on the palmer surface affects the fingerprint quality. The
accurate identification of an individual could be ascer-
tained, if the fingerprint pattern shows clear ridge char-
acteristics, minutiae, and pore details. If there is any
kind of distortion in the frictional ridges, it will cause er-
rors on the digital scanner. The errors can be seen in
the form of broadening with merging of the ridges, for-
mation of clump-like structure, visibility of only a few or
no frictional ridges, and faint pattern in some or the
whole areas of the fingerprint where the product was ap-
plied. The products add an additional layer in the finger-
print pattern which is not present naturally. These
errors should be rectified before recording any finger-
print digitally as they can mislead the identification, so
fingerprints should be taken after proper washing of
hands. In any case, if there is less moisture on the
palmer surface of the individual and the scanner is not
able to detect the fingerprint pattern clearly, then few
drops of normal tap water or distilled water should be
used to moisten the palmer surface because water does
not add any impurity or additional layer. Any defect in
fingerprint development or any mistake in the procedure
will most probably result in losing the assailant or letting
him free rather than putting an innocent in prison.
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